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Objectives: To investigate differences between open and laparoscopic aortobifemoral bypass surgery for
aorto-iliac occlusive disease on postoperative morbidity and mortality.
Design: A multicentre randomised controlled trial.
Methods: Between January 2007 and November 2009, 28 patients with severe aorto-iliac occlusive
disease (TASC II C or D) were randomised between laparoscopic and open approach at one community
hospital and one university hospital (TASC ¼ Trans-Atlantic Inter-Society Consensus on the Management
of Peripheral Arterial Disease).
Results: The operation time was longer for the laparoscopic approach (mean 4 h 19 min (2 h 00 min to 6 h
20 min) vs. 3 h 30 min (1 h 42 min to 5 h 11 min); p ¼ 0.101)). Nevertheless, postoperative recovery and
in-hospital stay were signiﬁcantly shorter after laparoscopic surgery. Also oral intake could be restarted
earlier (mean 20 h 34 min (6 h 00 min to 26 h 55 min) vs. 43 h 43 min (19 h 40 min to 77 h 30 min);
p ¼ 0.00014)) as well as postoperative mobilisation (walking) (mean 46 h 15 min (16 h 07 min to 112 h
40 min) vs. mean 94 h 14 min (66 h 10 min to 127 h 23 min); p ¼ 0.00016)). Length of hospitalisation was
shorter (mean 5.5 days (2.5e15) vs. mean 13.0 days (7e45); p ¼ 0.0095)). Visual pain scores and visual
discomfort scores were both lower after laparoscopic surgery. Also return to normal daily activities was
achieved earlier. There were no major complications in both groups.
Conclusion: Laparoscopic aortobifemoral bypass surgery for aorto-iliac occlusive disease is a safe
procedure with a signiﬁcant decrease in postoperative morbidity and in-hospital stay and earlier
recovery.
 2012 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.According to the TASC II recommendations aortobifemoral
bypass remains the best treatment for severe aorto-iliac occlusive
disease TASC II C and D,1 although this remains a discussion for
some surgeons and interventionalists that will not be discussed in
this study. The scope of this study is to evaluate the possible
differences in morbidity and mortality between the conventional
open and laparoscopic approaches if there is an actual indication
for aortobifemoral bypass surgery.
Totally laparoscopic aortic surgery for occlusive disease started
with YM Dion in 1995.2 Since then the technique has matured.
Instrumentation has improved and some modiﬁcations to the
technique have been introduced. The technique as described by
Coggia is by far the most used at the moment.3: þ32 16 34 68 52.
rneau).
ciety for Vascular Surgery. PublisheTotally laparoscopic aortic surgery was introduced to reduce
morbidity in analogy with the promising results of laparoscopic
abdominal surgery.
Several publications of small or larger series have proven
feasibility with acceptable short-term results, especially for occlu-
sive disease.4e7 However, till now there is no strong evidence that
laparoscopic aortic surgery is less invasive than and as effective as
conventional surgery. Therefore, after having completed the
learning curve, we started a multicentre randomised controlled
trial.8Patients and Methods
Between January 2007 and November 2009 all consecutive
patients necessitating an aortobifemoral bypass for severe aorto-
iliac occlusive disease TASC II C or D at Hôpital St. Joseph, Charleroi,
Belgium or at University Hospitals Leuven, Leuven, Belgium, wered by Elsevier Ltd. All rights reserved.
Figure 1. Positioning of the trocars for the laparoscopic approach.
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conventional open aortobifemoral bypass surgery.
Assignment to laparotomy or laparoscopy was obtained using
‘www.randomization.com’. This free generator randomises each
subject to a single treatment by using the method of randomly
permuted blocks. For logistic reasons the envelope’s seal was
broken the evening before surgery.
Separate randomisation blocks of six patients per block were
made for ASA I/II and ASA III, and to avoid that at the end of the
study more ASA III patients were included in one or the other
group (ASA ¼ American Society of Anesthesiologists). New ran-
domisation blocks were created in function of the recruitment of
patients.
The sample size needed to be able to demonstrate a reduction of
visual analogue pain score (visual analogue scale, VAS) of 25% with
80% power and p ¼ 0.05 was calculated in advance using the Alt-
man nomogram. To do so, we based on the results of a randomised
prospective study of patients undergoing an elective reconstruction
of the abdominal aorta through different surgical approaches.9 In
this study, a subgroup of 62 patients was treated by conventional
midline xyphopubic laparotomy. In this group of patients, the mean
VAS was 2.4 at day 2 with a standard deviation of 0.8 and 1.5 at day
7 with a standard deviation of 0.5.9 These data were used as the
basis for an estimation of VAS at day 4: estimated mean ¼ 2, esti-
mated target difference ¼ 0.5, estimated standard deviation ¼ 0.7
and estimated standardised difference¼ 0.7. The calculated needed
sample size, using the Altman nomogram, was 60, that is, 30 in each
group.
Exclusion criteria were as follows: combined aneurysmal-
occlusive disease, impossible infrarenal clamping based on preop-
erative computed tomography (CT) scan, Fontaine IVb, age >80
years, creatinine >3.0 mg dl1, severe pulmonary insufﬁciency
(partial pressure of oxygen in the blood (PaO2) < 60 mmHg or
partial pressure of carbon dioxide in the blood (PaCO2)> 50 mmHg
on room air), severe cardiac dysfunction (myocardial infarction in
past 6 months, ejection fraction <35% and severe aortic valve
stenosis), previous aortic or major abdominal surgery, previous
abdominal radiation therapy or severe pancreatitis, failed epidural
anaesthesia or any contra-indication for epidural or general
anaesthesia and patients not willing to sign informed consent.
Demographic data (including age, gender, weight and length)
and cardiovascular risk factors (including diabetes mellitus (DM),
atherosclerotic heart disease (ASHD), hypercholesterolaemia,
hypertension and smoking) of all patients included were docu-
mented. Previous vascular and general surgical procedures were
recorded for both groups.
Preoperative technical investigations included ankle/brachial
index, CT aorta and angio-magnetic resonance, angio-CT or arteri-
ography. Furthermore, a blood analysis, electrocardiography, lung
function tests such as vital capacity, maximal inspiratory pressure
and maximal expiratory pressure and echocardiography were
performed.
A standardised operative technique was used.
For a laparoscopic aortobifemoral bypass, the patient is ﬁrst
placed in dorsal decubitus for a conventional dissection of the
femoral arteries. A 45 laparoscope is positioned through a 10-mm
trocar on the anterior axillary line 3 cm below the costal margin.
Four 10-mm trocars are positioned on the pararectal line. The
patient is then placed in a right lateral and rotated decubitus and
another 10-mm trocar is positioned in the left iliac fossa (Fig. 1). A
left retrorenal or a retrocolic dissection is performed. Due to the
right lateral decubitus position the small bowel, left mesocolon and
kidney fall to the right side of the abdomen. The infrarenal aorta,
aortic bifurcation and left iliac artery are then exposed with
a complete dissection of the left and right sides of the aorta.Heparin is administered. The vascular prosthesis is then introduced
in the abdomen through one of the trocars. The right limb of the
prosthesis is tunnelled to the groin incision. The proximal and distal
clamps are positioned through 10-mm trocars. The aorto-prosthetic
anastomosis is performed with polypropylene running sutures. In
case of an end-to-end conﬁguration the lumbar arteries are
controlled with clips; in case of an end-to-side conﬁguration the
lumber arteries are controlled by oblique positioning of the distal
aortic clamp. The left prosthetic limb is then brought down to the
groin. The table is rotated horizontally and the prostheto-femoral
anastomoses to the deep or superﬁcialis femoral artery are per-
formed. Before closing, a last laparoscopic overview is performed.
For a conventional open aortobifemoral bypass through
xyphopubic midline laparotomy, the patient is placed in dorsal
decubitus position. The small bowel is taken to the right side of the
abdomen. The peritoneum is incised and the infrarenal aorta is
exposed until the common iliac arteries. Separate groin incisions
are made. Heparin is administered. The aorta is clamped proximally
and iliac arteries distally. An aorto-prosthetic anastomosis is per-
formed with polypropylene running sutures. The prosthetic limbs
are tunnelled to the groin incisions and the prostheto-femoral
anastomoses are performed. The abdomen and groin incisions are
subsequently closed.
The type of aorto-prosthetic anastomosis (end-to-end or end-
to-side) is decided based on the quality of the aorta as estimated
on the preoperative CT scan. Reasons to prefer an end-to-end
anastomosis to an end-to-side anastomosis are total occlusion of
the aorta, mural aortic thrombus or severe calciﬁcations. In case of
severe calciﬁcations, an endarterectomy can be performed before
starting the proximal anastomosis. This decision-making process is
the same for both the laparoscopic and the open approaches.
In both laparoscopic and open procedures, a cell saver was used.
For all patients there was a standardised protocol for anaesthesia
and patient-controlled epidural anaesthesia (PCEA).
Operative data (including aorta clamping time, total operation
time and average blood loss) were documented for both groups.
Perioperative antibiotics, intravenous cefazolin or vancomycin
for penicillin-allergic patients, were administered for 24 h.
Patients were extubated at the end of the procedure. Routine
postoperative monitoring in the post-anaesthetic recovery room
was the same for all patients. All patients were followed up clini-
cally twice daily or more frequently as needed during their hospi-
talisation until discharge. Postoperative in-hospital stay data
(including oral intake, mobilisation, visual pain score and visual
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operatively. Discomfort was explained to the patient as the grade of
disability to perform daily activities caused by postoperative factors
other than pain, that is, stiffness, nausea, etc.
The nasogastric tube was removed as soon as possible and
a clear diet started. Progressive advances from a clear to regular diet
were guided by peristalsis and patient’s comfort.
The PCEA pump was removed as soon as the patient had not
used it during the previous 6 h. Afterwards adequate intravenous or
oral analgesia was started. The urinary catheter was removed as
soon as the PCEA pump was removed.
Patients were encouraged to move from the bed to the chair and
walk around as soon as they were comfortable.
Patients were discharged and sent home as soon as they were
clinically stable, tolerating a regular diet, opened their bowels and
were able to walk around.
Patients were followed up in the outpatient vascular surgery
clinic at 2 weeks and 1 month postoperatively.
For all patients the Physiologic and Operative Severity Score for
enUmeration of Mortality and Morbidity (POSSUM) was calculated.
This scoring system was originally described in 1991 as a tool for
surgical audit.10 The Vascular Surgical Society of Great Britain and
Ireland developed a model based solely on data of patients
undergoing arterial surgery.11 This V-POSSUM gives a good indi-
cation for the outcome of conventional vascular interventions. As
originally described, the data set consisted of 12 preoperative
variables that are weighted and combined from a physiologic
score.10,11 These variables are age, cardiac signs, respiratory signs,
systolic blood pressure, pulse rate, Glasgow Coma Scale, serum
urea, serum sodium, serum potassium, haemoglobin level, white
blood cell count, electrocardiogram, grade of operation, number of
procedures, total blood loss, peritoneal soiling, the presence of
malignancy and timing of operation. The physiologic and operative
severity scores are then used in the appropriate POSSUM logistic
regression equation to calculate predicted mortality and morbidity
rates.
The protocol of this study was approved by the ethical
committee of each centre. Each patient signed an informed consent
form. Therewas no external sponsoring. Additional costs due to the
study were paid by the research resources of the participating
centres, according to the amount of patients each centre included in
the study. There were no additional costs at the expense of the
patient, the hospital or the health insurance.Table 1
Patient demographics.
Laparoscopic appro
n ¼ 14
Age (median, (IQR)) 54.9 (51.3-65.15)
Gender (M/F) (n) 9/5
BMI (median, (IQR)) 24.2 (22.4-27.2)
Smoking (n) 12
Diabetes (n) 1
ASHD (n) 0
Hypertension (n) 5
Hypercholesterolaemia (n) 9
ASA (I/II/III) (n) 2/4/8
TASC II C/D (n) 5/9
Fontaine II/III/IV (n) 10/2/2
Pre-operative ankle-brachial pressure
index at rest right (median, (IQR)) 0.5 (0.39-0.72)
Pre-operative ankle-brachial pressure
index at rest left(median, (IQR)) 0.65 (0.45-0.8)
POSSUM Predicted morbidity % (median, (IQR)) 24 (19.25-27.75)
POSSUM Predicted mortality % (median, (IQR)) 4.5 (3.25e5)
ASHD: Atherosclerotic Heart Disease.Statistics
Data were analysed on an intention-to-treat basis. The unpaired
t-test was used for data with a normal distribution and the
ManneWhitney test for data with no normal distribution. The level
of signiﬁcance was set at p < 0.05.Results
Between January 2007 and November 2009, 28 patients with
severe aorto-iliac occlusive disease (TASC II C or D) were included.
During the same period, 97 patients were treated out of the study
protocol. Thirty-two of them were treated with open surgery
because they did not meet inclusion criteria or presented in an
emergency setting. Sixty-ﬁve of them were treated with a laparo-
scopic approach either because they were randomised in the study
for the laparoscopic approach but ﬁnally did not meet the inclusion
criteria as it was impossible to insert a peridural catheter at
induction or because patients were speciﬁcally referred to our
centres for the laparoscopic approach.
Demographic data of these patients are summarised in Table 1
and were quite similar except for age and atherosclerotic heart
disease. The median age for patients undergoing laparoscopic
aortobifemoral bypass surgery was signiﬁcantly younger (54.9
years vs. 66.85 years for conventional open surgery; p ¼ 0.001).
Atherosclerotic heart disease was present in signiﬁcantly more
patients undergoing open aortobifemoral bypass surgery (six
patients vs. zero patient; p ¼ 0.004).
Fourteen patients were treated by a conventional open approach
and 14 patients were treated with a laparoscopic bypass procedure.
Nine procedures were performed at the community hospital
(ﬁve laparoscopically, four open) and 19 procedures were per-
formed at the university hospital (nine laparoscopically, 10 open).
Nine patients were operated for a TASC II C lesion (ﬁve lapa-
roscopically and four open surgical bypass). Nineteen patients
underwent aorto-iliac surgery for a TASC II D lesion (nine lapa-
roscopically and 10 open).
Operative data are summarised in Table 2. Themedian operation
time for a laparoscopic procedurewas longer (4 h and 33min vs. 3 h
and 35 min) as well as the median aortic clamping time (48 min vs.
37 min). This was however both not signiﬁcant (p ¼ 0.10 and
p ¼ 0.12 respectively).ach Conventional open approach p-value
n ¼ 14
66.8 (62.8-68.65) 0.010
13/1 0.034
26.4 (22.9-27.8) 0.460
10 0.085
2 0.599
6 0.004
10 0.046
9 0.397
0/5/9 0.287
4/10 0.397
10/4/0 0.479
0.55 (0.45-0.75) 0.604
0.5 (0.45-0.7) 0.396
23.5 (17.75-36.25)
4 (3.25-6.75)
Table 2
Operative data.
Laparoscopic
approach
Conventional open
approach
p-value
n ¼ 14 n ¼ 14
Type of proximal
anastomosis
(E-to-E/E-to-S) (n)
4/10 7/7 0.131
Operation time
(mins, median (IQR))
273 (192.5e340) 215 (174e245) 0.101
Estimated blood loss
(ml, median (IQR))
725 (371.25e987.5) 982 (300e1300) 0.280
Body temperature at
termination
(C, median (IQR))
36.3 (36.1e36.6) 36.6 (36.4e37.1) 0.108
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982 ml), but this was not signiﬁcant (p ¼ 0.280).
Postoperative recovery data are summarised in Table 3.
Oral intake could be restarted earlier after laparoscopy. The
median time to resume ﬂuid diet was 17 h and 16 min after lapa-
roscopy versus 42 h and 54 min after open surgery (p ¼ 0.00014).
Solid diet was resumed after 27 h and 6 min versus 66 h and 6 min,
respectively. Postoperative mobilisation (walking) started signiﬁ-
cantly earlier after laparoscopy (34 h and 56 min vs. 77 h and
15 min after open surgery) (p ¼ 0.00016) and length of hospital-
isation was signiﬁcantly shorter (4.5 vs. 9.5 days) (p ¼ 0.0002).
Visual pain scores and visual discomfort scores were both
signiﬁcantly lower after laparoscopic surgery than after open
surgery at each time point (Figs. 2 and 3).
Return to normal daily activities was achieved earlier after
laparoscopic surgery. After 2 weeks 53.9% versus 0.0% (p ¼ 0.0014)
of patients had returned to normal activities in daily life
(p¼ 0.0014); after 4 weeks this was 100% versus 36.4% (p¼ 0.0012).
There were no major complications in either group. One patient
after laparoscopic aortobifemoral surgery (7%) had a transfusion
reaction as well as a partial radial nerve paralysis and a minimal
lymph ﬂuid leakage which prolonged hospital stay for a couple of
days. After conventional open aortobifemoral bypass surgery minor
complications were wound problems (wound dehiscence in two
patients (14%) and lymph ﬂuid leakage in one patient (7%)),
delirium (two patients (14%)) and pneumonia (two patients (14%)).
The POSSUM score was calculated for all patients. This showed
a median predicted morbidity of 24% (interquartile range (IQR)
19.25e27.75%) for patients undergoing laparoscopic aorto-iliac
surgery and 23.5% (IQR17.75e36.25%) for patients treated by
a conventional open approach. Themedian predictedmortality was
4.5% (IQR3.25e5%) in the laparoscopy group and 4% (IQR
3.25e6.75%) in the open surgery group.
Discussion
As stated earlier, the aim of this study was not to establish the
indications for aortobifemoral bypass for severe aorto-iliac disease,Table 3
Postoperative recovery data.
Laparoscopic approa
n ¼ 14
Mean time to resume ﬂuid diet (hours/mins, median (IQR)) 17 h 16 min (16 h 24
Mean time to resume solid diet (hours/mins, median (IQR))) 27 h 06 min (26 h 24
Mean time to start postoperative mobilization (walking)
(hours/mins, median (IQR)))
34 h 56 min (27 h 10
Mean length of hospital stay (days, median (IQR))) 4.5 (3.25e5.0)but to give evidence for the difference in morbidity and mortality
between the conventional open and laparoscopic approaches if it is
decided that there is an actual indication for aortobifemoral bypass.
Conducting a randomised controlled multicentre trial is the best
way to give high-grade evidence. However, the timing of such a trial
is difﬁcult. As studied earlier, the laparoscopic aortobifemoral
bypass procedure has a considerable learning curve.12 To compare
two mature techniques, a randomised controlled trial can only be
set up if participating centres have passed this learning curve.
However, if differences in postoperative course are obvious, at
a certain level of experience it becomes difﬁcult to justify ran-
domisation. On the other hand, as long as there is no randomised
trial it is difﬁcult to document differences in morbidity and
mortality with a high level of evidence and it becomes difﬁcult to
convince surgeons to invest in learning a technically demanding
technique. For these reasons, this randomised trial had to be started
and also had to close prematurely at 28 patients. It became difﬁcult
for the investigators to propose randomisation to the patients with
the risk of an open procedure and patients were often referred with
the speciﬁc demand for a laparoscopic surgery.
Thanks to the use of the method of randomly permuted blocks
with separate randomisation blocks for ASA I/II and ASA III patients,
patients were comparable in both groups concerning ASA score
(p¼ 0.287). However, the reason to be attributed toASA III scorewas
different in both groups. In the open surgery group, more patients
were classiﬁed as ASA III due to atherosclerotic heart disease.
Whatsoever, the predicted mortality and morbidity by POSSUM
were quite similar in both groups. This is another indication for the
comparability of the patient population in both groups.
Postoperative recovery data as summarised in Table 3 were all
signiﬁcantly different in advantage of the laparoscopic group.
Patients resumed earlier to a ﬂuid and solid diet, mobilised earlier
and had a shorter-in-hospital stay after laparoscopic surgery which
showed a signiﬁcantly faster postoperative recovery. Also visual
pain scores and visual discomfort scores were both lower after
laparoscopic surgery at each time point, indicating a reduction of
operative trauma (minor operative wounds and abdominal muscle
trauma). At 2 weeks, more than 50% of the patients treated lapa-
roscopically had returned to normal activities, whereas no patient
had done so in the conventional open group. Patients in the open
surgery group were signiﬁcantly older than those in the laparo-
scopic group. However, it is unlikely that this difference in age can
explain all differences in postoperative recovery. Patients in both
groups were comparable concerning ASA score and co-morbidities
and even with an age difference of 8 years patients in both groups
remained rather young with a mean age of less than 70 in both
groups. The longer postoperative recovery is reﬂected in the pain
and discomfort scores which indicate more postoperative
complaints in the open surgery group due to the extent of the
operative trauma.
As some of the above-mentioned postoperative recovery data
could be called subjective, although we handled strict criteria to
start ﬂuid or solid diet and to send patients home, we also included
hard parameters such as preoperative and postoperativech Conventional open approach p-value
n ¼ 14
mine18 h 32 min) 42 h 54 min (28 h 24 mine53 h 15 min) 0.00014
mine28 h 15 min) 66 h 06 min (52 h 06 mine85 h 12 min) 0.000021
mine49 h 02 min) 77 h 15 min (75 h 26 mine119 h 12 min) 0.00016
9.5 (8.13e14.5) 0.0095
Figure 3. Mean visual discomfort score for the laparoscopy group and the open group
at different time points.
Figure 2. Mean visual pain score for the laparoscopy group and the open group at
different time points.
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protocol of the study. However, the deviation of inﬂammatory
parameters between patients was large and lung function tests
showed a lot of operator-induced variation. Moreover, some post-
operative data were missing due to patient’s impossibility to
perform lung function tests after an open abdominal procedure.
Monitoring inﬂammatory and lung function data was therefore
stopped after a few patients.
If there was some bias in the postoperative care, it was a bias in
advantage of the conventional open group. Based on their experi-
ence with the care for conventional open aortobifemoral bypass
patients, nurses tried to calm down patients after a laparoscopic
procedure trying to eat or get out of the bed at the morning of the
ﬁrst postoperative day, whereas they stimulated patients to
mobilise after a conventional open procedure if they were still
preferring their bed after some days.
In both groups, both the observedmortality andmorbidity were
lower than the estimated ones. The mortality was zero in both
groups but when we look at morbidity the reduction in observed
morbidity versus the estimated morbidity in the laparoscopicgroup was much more important than in the conventional open
group which may be another indication for the less invasiveness of
the laparoscopic approach.
In the laparoscopic group, one patient developed temporary
radial nerve palsy. This is presumably related to the positioning of
the patient. Therefore, it is of utmost importance to have a test
rotation of the table to check for pressure points and traction on the
brachial plexus before the patient is draped.
Conclusion
Based on the above ﬁndings laparoscopic aortobifemoral bypass
surgery for aorto-iliac occlusive disease is a safe procedure with an
important decrease in postoperative morbidity and in-hospital stay
and earlier recovery.
However, due to a steep learning curve the laparoscopic
approach is still not widely accepted.
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